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A method is described to achieve a step loading of a tungsten carbide opposed anvil setup. The rise 
time of the pressure pulse is nearly 200 ms and the maximum height of the pressure pulse is 2 GPa. 
The use of this method in the study of the kineticsof pressure ifiduced transformations under 
isobaric conditions is illustrated with the help of the data on fcc-bcc (face-centered-cubic and 
body-centered-cubic) transformation in ytterbium. 
PACS numbers: 64.70.Kb, 61.50.Ks, 62.50. + p 
NTRODUCTION 
e kinetics of pressure-induced polymorphic transforma- 
s under isobaric-isothermal conditions have been stud- 
recently by using a resistometric method.'-' To achieve 
isobaric conditions it is essential to raise the specimen 
sure to a desired value before any appreciable transfor- 
tion can take place. The maximum pressurization rates in 
'onal static high-pressure equipments range from 
GPa s-'. Such rates of pressurization can be used 
uce nearly isobaric conditions if the transformation 
are a few minutes. or more. A much larger rate of load- 
obviously required to study the kinetics of faster trans- 
tions. This paper describes an experimental atrange- 
for step-loading a tungsten carbide opposed anvil 
, With this setup the specimen pressure can be in- 
d in  step in time intervals of -200 ms. 
XPERIMENTAL DETAILS 
pposed anvil setup 
A tungsten carbide opposed anvil setup (12.7-mm anvil 
) capable of going up to 10 GPa with pyrophyllite gasket 
talc pressure transmitting medium was used to pressur- 
he specimen. The details of the highlpressure cell assem- 
are shown in Fig., I .  The specimen measuring 
0.5X0.05 mm is placed in the cell and the resistance is 
sured by a four-lead arrangement. To keep track of the 
to-run variation in the applied load-versus-specimen 
ssure relation, a bismuth sample is placed at right angles 
he specimen in each run; a thin sheet of mica is used to 
ate specimen and bismuth sample. A two-lead measure- 
was found adequate to detect the Bi-1-11 (2.54 GPa) 
he Bi-111-V (7.6 GPa) transitions. A few experiments 
done with Bi.and TI in the configuration shown in Figs. 
j and I(b) for load-pressure calibration alone. These runs 
icated that the load-pressure relation was very nearly lin- 
.The pressure gradient in the cell was estimated to be less 
n 0.1 GPa mm-'. Typically the distance between the vol- 
e leads L,-L, was 1 mm, and assuming that the stress 
nbution in the cell was cylindrically symmetric, the pres- 
eat the middle of the specimen differed from the pressure 
B. Step-loading system 
The step loading is achieved by using an arrangement 
shown schematically in Fig. 2. The solid lines indicate inter- 
nally conpected hydraulic lines. The bomb, the hydraulic 
ram, and the reservoir can be isolated by closing valves V,, 
V,, and V,, respectively. The pump has a built-in nonreturn 
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Fro. 1 .  High-pressure cell assembly (a) as viewed normal to the anvil face 
and (b) as viewed parallel to the anvil face. P-pyrophyllite gasket; T-talc 
pressure transmitting disk; S-specimen: M-mica insulation; C,C--cur- 
rent leads for four-probe resistance measurement; L,,L,--voltage leads far 
four-orabe resistance measurement: and L.L-leads for two-lead resistance 
theleads L,,  L, by about 0.05 GPa. measurement, 
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FIG. 2. The step-loading arrangement (schematic). Solid lines represent in- 
ternally connected hydraulic lines. V , .  V,. and VI-hydraulic Y ~ I Y C S .  
valve. The hydraulic ram is first pressurized to a desired 
initial pressure p, by closing V, and opening V, and V,; the 
bomb also gets pressurized simultaneously. The ram is then 
isoalted by closing V, and the bomb is pressurited to pb 
( > p i ) .  When V, is suddenly opened, the ram pressure exper- 
iences ajump and finally reaches pf such that pi < p, < p b .  
The opposed anvil setup can be operated in the conventional 
manner by closing V, which isolates the bomb. The magni- 
tude of the ram pressure p, depends on both p6 and p,  in a 
manner shown in Fig. 3. 
C. Pressure calibration 
The applied load-versus-specimen pressure relation for 
continuous loading was established using Bi-1-11 (2.54 
GPa), TI-11-111 (3.67 GPa), and Bi-111-V (7.6 GPa) transi- 
tions. The load-pressure relation was found to be linear. In 
over one hundred experiments made during the studies of 
kinetics of phase transformations'-' and the thermoelectric 
power4 it was observed that though the load at which the Bi- 
1-11 transition occurred varied within lo%, the ratio X of 
the loads at which the Bi-1-11 and the Bi-111-V occurred 
was remarkably constant, the average value of X being 
specimen Pressure, knowing the ram Pressures at which 
Bi transitions Occur. 
. ,  
3.00 0.05. 
The load-pressure relation during step loading was 
tahlished by using manganin and lead as the pressure gau 
A manganin wire specimen (0.12-mm diam.) was mour 
together with the Bi specimen as shown in Fig. Ija) and 
The load was increased at a rate 0.5 GPa min-' until thf 
1-11 transition was observed. The resistance of the n 
ganin specimen increased during this loading as show] 
Fig. 4. The cell was then step loaded in the manner descri 
in Sec. I A. The resistance-load point marked by the o 
circle in Fig. 4 was obtained. The,load was then increase 
a rate 0.5 GPa min-' until the Bi-111-V transition 
curred. The datum.point (open circle in Fig. 4) after ~ 
loading fell close to the resistance-load curve defined by 
data obtained during continuous loading before and a 
step loading. The experiments conducted with lead as 
pressure gauge also gave similar results; a typical set of i 
is shown in Fig. 4. 
A closer examination of the data indicated that tht 
sistance of manganin and lead after step-loading were sli: 
ly time dependent. The point (open circle in Fig. 4) after ~ 
loading fell nearly 0.003 below the curve defined by 
points obtained by continuous loading. The resistance 
creased with time and after nearly 140 s it fell in line with 
rest of the data. In the case of lead, the point after step I( 
ing stayed 0.005 above the curve defined by the rest of 
dataand the resistance decreased with time. The time del 
dence of resistance may arise because of a slight redistr 
tion of pressure after step loading. If so, the changes in ri 
tances of both manganin and lead indicate a small pres! 
increase ( < 0.1 GPa). 
The ratioX for the runs with an intermediate step 1( 
ing was 3.00 f 0.05, which is very close to the value obtai 
in continuous-loading experiments. This together with 
data shown in Fig. 4 suggests that the load-pressure rela 
is not affected by step loading. The gauge pressure p, 
tained after the step loading can he used to compute 
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Db IMP01 FIG. 4. The resistance R ofmanganin and lead as a function of ram p w  
forcontinuous slow loading and step loading. R 'denotes thespecimen I 
lance at 3.45 MPa. The occurrence of BII-I1 and BilII-V transition 
marked, respectively, by A and B. 
FIG. 3. Enpefimentally determined final ram pressure p, as a function of 
bomb pressure p6 for different initial ram pressure p, 
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D. Rlse time of the pressure pulse e 
The rise time of the pressure pulse was estimated from 
esistance-versus-time response of the manganin speci- 
during a pulse loading. The voltage across the leads L,- 
(Fig. 1) was recorded during step loading on a strip-chart 
der at a chart speed of 1200 mm min-'. The traverse 
ram during step loadings were also recorded using a pres- 
hydraulic pressure pulse in the ram and the pressure 
Temperature rise during step loading 
The temperature of the specimen is expected to rise be- 
uring a step loading is shown in Fig. 6. After the step 
eight of the pressure pulse AP (GPa) and satisfied the 
on, A t  = 1.45 AP. Thus, the temperature rise during 
u 
500rns - TIME 
II. SOME RESULTS 
..Thesequence of loading used,in thestudy of thekinetics 
of phase transformation is illustrated with the help of the 
data on the fcc-bcc transformation in ytterbium. First, the 
pressure is continuously increased up to a predetermined 
value (2.54 GPa in this case). This region is marked A in Fig. 
7. The voltage across the leads L,-L, (Fig. 1 )  (and hence the 
resistance of the specimen) increases during this loading. 
The ram is then isolated by closing the valve V, (Fig. 2). The 
bomb pressure which would give the required final pressure 
is read from Fig. 3 and the bomb is then pressurized to the 
required pressure. The region B indicates the pause during 
the pressurization of the bomb. The hydraulic pressure in the 
ram remains constant during this period. The resistance of 
the fcc phase shows an increase during the step loading. The 
region C indicates the incubation period. The start of the 
fcc-bcc transformation is marked by a decrease in the 
specimen resistance. 
111. DISCUSSION 
The present method,can be used to raise the specimen 
pressure in a step-wise manner in nearly 200 ms, the maxi- 
mum height of the pressure step being 2.0 GPa. It may be 
noted that the rise time of the pressure pulse is the character- 
istic of the hydraulic lines and the valves, hut the maximum 
height of the pressure pulse can be increased by reducing the 
anvil face. This technique has found application in the study 
ofthe kinetics under isobaric conditions of pressure-induced 
transformations. Since the change in the electrical resistance 
occuring at the transformation is used to calculate the frac- 
tion transformed, this method is useful for electrically con- 
ducting or semiconducting materials. 
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